On 31 December 2019 the Wuhan Health Commission reported a cluster of atypical pneumonia cases that was linked to a wet market in the city of Wuhan, China. The first patients began experiencing symptoms of illness in mid-December 2019. Clinical isolates were found to contain a novel coronavirus with similarity to bat coronaviruses. As of 28 January 2020, there are in excess of 4,500 laboratory-confirmed cases, with > 100 known deaths. As with the SARS-CoV, infections in children appear to be rare. Travel-related cases have been confirmed in multiple countries and regions outside and the United States, as well as Hong Kong and Taiwan. Domestically in China, the virus has also been noted in several cities and provinces with cases in all but one provinence. While zoonotic transmission appears to be the original source of infections, the most alarming development is that humanto-human transmission is now prevelant. Of particular concern is that many healthcare workers have been infected in the current epidemic. There are several critical clinical questions that need to be resolved, including how efficient is human-to-human transmission? What is the animal reservoir? Is there an intermediate animal reservoir? Do the vaccines generated to the SARS-CoV or MERS-CoV or their proteins offer protection against 2019-nCoV? We offer a research perspective on the next steps for the generation of vaccines. We also present data on the use of in silico docking in gaining insight into 2019-nCoV Spike-receptor binding to aid in therapeutic development. Diagnostic PCR protocols can be found at https://www.who.int/health-topics/coronavirus/laboratory-diagnostics-for-novel-coronavirus. A novel coronavirus (CoV) has emerged in Wuhan, China (Figure 1) . This virus causes pneumonia of varying severity and has resulted in a high number of hospitalizations (> 4,500) and at least 105 deaths (casefatality rate (CFR) estimated at 1.5-3%). This virus is currently referred to as 2019-nCoV (also Wuhan virus) and is related to Severe Acute Respiratory Syndrome coronavirus (SARS-CoV), although with only approximately 80% similarity at the nucleotide level. With a seemingly comparable chain of events as the origin of SARS-CoV, the initial infections with 2019-nCoV appears to be linked to contact with animals in wet markets. Even though human-to-human Ralph et al. -2019-nCoV Wuhan and human-to-human transmission J Infect Dev Ctries 2020; 14(1):3-17. Figure S1 . Interaction of RBD residues involved in species specificity and ACE2. The RBD homology models docked to ACE2 are shown with emphasis placed on three residues associated with SARS-CoV species specificity: Leu472, Asn479, and Thr487. ACE2 is shown in grey and ACE2 residues involved with each of the three RBD residues are shown in stick form. The SARS-CoV, WIV1-CoV, and 2019-nCoV RBD homology models are shown in magenta, cyan, and green, respectively. Amino acids involved in ACE2 binding are shown in stick representation in their respective colours. If a SARS-RBD amino acid is mutated in either WIV1-CoV RBD or 2019-nCoV, it is labelled in red. Hydrogen bonds are shown as dashed black lines.
transmission was first thought to not be a mode of transmission, there are several documented cases that support that 2019-nCoV is capable of human-to-human transmission [1] .
Atypical pneumonia of unexplained cause was first reported on 30 December 2019 in Wuhan city, the capital of Hubei province in central China. Initially, four cases were noted which presented with fever (greater than 38°C), malaise, dry cough, and shortness of breath. Imaging was consistent with pneumonia or acute respiratory distress syndrome (ARDS) and patients had either reduced or normal white blood cell counts. An early link to the Wuhan South China Seafood City (also known as the South China Seafood Wholesale Market or the Huanan Seafood Market) was identified as a common factor in four of the patients. Treatment with antibiotics did not improve their condition over the next 3-5 days and a viral etiology was suspected. The patients were placed in isolation conditions. On 31 December 2020, it was announced that 27 cases of pneumonia, with 7 severe cases, had been identified [2] . Most of the patients were stall workers at Wuhan South China Seafood City. The market is reported to contain other animals such as birds (chickens, pheasants), bats, hedgehogs, marmots, tiger frogs, and snakes, as well as organs from rabbits and other animals. The market was closed on 1 January 2020 for environmental sanitation and disinfection and has not reopened [3] .
By 3 January 2020, the cumulative number of cases rose to 44, with 11 in critical conditio and 121 close contacts of infected patients being monitored. At this point influenza virus, avian influenza virus, and adenovirus had been ruled out [4] . As of 5 January 2020, the number of cumulative cases increased to 59 (with onset between 8 December 2019 and 2 January 2020), and 163 close contacts being followed. At this time, SARS-CoV and MERS-CoV were ruled out as the causative agent. The number of cumulative cases increased to 59 on 5 January 2020 [5] .
On 8 January 2020, it was reported that a novel coronavirus had been sequenced from one patient and subsequently identified in some of the other patients with pneumonia [6], later reported as 15 of the 59 patients [7] . The first report that some of the cases came from family clusters was the first suggestion that there may have been human-to-human transmission [8] . Virus isolation from one patient was reported [9] . The genome was made publicly available on 11 January 2020 on virological.org and later deposited into GenBank.
Additional updates should help clarify the incidence of human-to-human transmission. Given the rapid increase in case numbers, contact tracing will be vital to understanding the extent of human-to-human transmission and the possibility that 2019-nCoV mutations generate viruses with a greater potential for human-to-human transmission. It is important to note that in a Wuhan hospital cluster, 14 healthcare workers were infected by a 2019-nCoV patient [1] . This is reminiscent of several cases of healthcare workers infected by SARS-CoV and MERS-CoV patients. Hospital staff and Infectious Disease control should take necessary precautions in handling of 2019-nCoV patients (see WHO guidelines for handling of suspected and confirmed patients).
Travel-related cases
Another similarity to the SARS-CoV and the MERS-CoV epidemics is the occurrence of travelrelated cases. On 13 January 2020, a single case of 2019-nCoV was reported in Thailand of a person who had travelled from Wuhan [10] . This person was not reported to have been to the previously involved market, but had visited other markets [11] . The next day, a single case was reported in Japan, again following travel to Wuhan. This person reported no contact with the market, but possible contact with persons with pneumonia [12] . A second case, again originating from Wuhan, was identified in Thailand with no connection to other cases. One suspect case in Nepal with travel linked to Wuhan was also reported but not confirmed [8] . On 20 January 2020, a Chinese national, who had travelled from Wuhan, was identified as having 2019-nCoV upon arrival in South Korea and was quarantined [13] . Several airports in Asia and North America have now set up thermal screening at airports to detect possible 2019-nCoV infected individuals. On 21 January 2020, a 2019-nCoVinfected individual was identified in the state of Washington, USA [14] . This patient had also travelled to Wuhan but returned prior to the addition of thermal airport screening.
Current state of knowledge and knowledge gaps
The number of cases in Wuhan continued to increase due to retrospective testing, new cases, and changes in diagnostic evaluation for etiological agents [15] . By 28 January 2020, numerous cases had been identified in throughout China including Taiwan and Hong Kong. As of 28 January 2020, over 4,500 confirmed cases have been reported with > 100 deaths (National Health Commission of the PRC). Human-tohuman transmission was suspected early in the outbreak and has now been confirmed and is the main source of infections [14] (National Health Commission of the PRC, update January 22, 2020). Many clinical questions remain unresolved at this time and await reporting and future publications. Some critical questions include: Do all infected individuals show symptoms? What is the frequency of asymptomatic infections? What is the time from exposure to onset of symptoms? Are asymptomatic individuals infectious? Is human-to-human transmission linked to specific mutations in the 2019-nCoV virus?
The extent of the outbreak geographically and epidemiologically currently remains unclear. To facilitate laboratory diagnosis of suspect cases of 2019-nCoV, the WHO has published guidelines for Laboratory testing for 2019 novel coronavirus (2019-nCoV) in suspected human cases (https://www.who.int/healthtopics/coronavirus/laboratory-diagnostics-for-novelcoronavirus) [15] . At the same website PCR primer sets can be found for diagnostic testing. These primer sets 
Clinical Disease and Pathogenesis of 2019-nCov and other Coronaviruses
The clinical picture
Coronaviruses are endemic in the human population and are responsible for up to 30% of annual respiratory infections resulting in rhinitis, pharyngitis, sinusitis, bronchiolitis, and pneumonia [16, 17] . While primarily associated with relatively mild, self-limiting respiratory infections, infection from these viruses can result in severe disease in neonates, the elderly, and those with underlying comorbidities [18] . However, coronaviruses are now considered potential threats to global public health following the emergence of SARS-CoV in 2002 (9% CFR), and MERS-CoV in 2012 (35% CFR).
Early clinical manifestations of MERS and SARS are largely similar. Influenza-like symptoms accompanied by fevers, chills, dry cough, headache, malaise, and dyspnea were common early in the disease course in SARS patients [19] . The mean incubation period was estimated as 4.6 days with a range of 2 to 8 days between symptom onset and hospitalization. The mean time from symptom onset to death in fatal cases was 23.7 days [20] . Fatal outcomes were most frequent in those > 60 years of age (43% CFR). No fatalities were reported in young children and adolescents and fatal disease was reported in 6.8% of patients < 60 years of age. Phase 1 of SARS was associated with increasing viral load and early disease symptoms (fever, malaise). Phase 2 was characterized by fever, hypoxemia, and decreasing viral loads, while radiographic progression of pneumonia was common. Twenty percent of patients progressed to acute respiratory distress syndrome (ARDS). Common laboratory features of SARS included lymphopenia, thrombocytopenia, disseminated intravascular coagulation, and elevated lactate dehydrogenase and creatine kinase levels [20] [21] [22] . Acute renal impairment and proteinuria were associated with 6.7% and 84% of patients, respectively [21] .
Early symptoms of MERS include fever, chills, cough, shortness of breath, myalgia, and malaise following a mean incubation period of 5 days, with a range of 2 to 13 days [23] . The median times from symptom onset to hospitalization, ICU admission, and death are 4, 5, and 11.5 days, respectively [24] . Symptomatic MERS patients present with a rapidly progressing pneumonia requiring mechanical ventilation and additional organ support within the first week of disease [20] . Severe and fatal disease is strongly linked to underlying comorbidities including diabetes mellitus, hypertension, obesity, and chronic cardiac, pulmonary, or renal disease [23] . Laboratory abnormalities include lymphopenia, leukopenia, thrombocytopenia, elevated serum creatinine levels consistent with acute kidney injury, and elevated liver enzymes [23, [25] [26] [27] [28] . High lactate levels and consumptive coagulopathy have also been reported [25, 29] . Chest radiographic abnormalities are observed in most cases and the findings are consistent with viral pneumonitis, secondary bacterial pneumonia, or acute respiratory distress syndrome [23, 25, 28, 30, 31] .
Therapeutics and supportive care
Currently, supportive care is the only treatment option for patients with severe SARS or MERS illness and there are no licensed therapeutics or vaccines. There are, however, several vaccine candidates as well as antiviral candidates for prophylactic and therapeutic treatment of SARS-CoV and MERS-CoV infections. Mechanical ventilation and pulmonary rescue therapy were utilized for SARS but have had limited benefit for MERS patients [32] . Extracorporeal membrane oxygenation has been employed for MERS though its use is limited due to numerous factors [26] . Renal replacement therapy has been used extensively in MERS treatment [25, 33, 34] . The efficacy of a variety of antiviral therapeutics has been investigated for MERS with limited success. Moderate improvements in clinical outcomes were noted in common marmosets treated with a combination of lopinavir (LPV) and ritonavir (RTV) [35] . Additional investigations of interferon (IFN) antiviral activity in vitro have demonstrated that IFN beta (IFNb) had superior activity as compared to other IFN types [36, 37] . A randomized control trial investigating the efficacy of LPV/RTV-IFNb in MERS patients is currently ongoing [38] .
Coronavirus biology and Coronavirus outbreak cycles Molecular virology
Family Coronaviridae (order Nidovirales) is comprised of the Coronavirinae and Torovirinae subfamilies of viruses. Coronaviruses are enveloped RNA viruses with positive-sense RNA genomes ranging from 25.5 to ~32 kb in length. The spherical virus particles range from 70-120 nm in diameter with four structural proteins. The viral envelope is covered by characteristic spike-shaped glycoproteins (S) as well as the envelope (E) and membrane (M) proteins. The S protein mediates host cell attachment and entry. The helical nucleocapsid, comprised of the viral genome encapsidated by the nucleocapsid protein (N), resides within the viral envelope. The 5' two-thirds of the coronavirus genome consists of the replicase complex (ORF1a and ORF1b) and codes for two large polyproteins, pp1a and pp1b. The viral replicasetranscriptase complex is made up of 16 non-structural proteins (nsp1-16) encoded for by the polyproteins pp1a and pp1ab. Both polyproteins can be cleaved by the viral proteases PLpro (nsp3) and 3CLpro (nsp5). The non-structural proteins function in the formation of double-membrane vesicles derived from the rough endoplasmic reticulum, and are the sites of viral replication and transcription [20] . Coronaviruses also encode a unique proofreading exoribonuclease (ExoN) function of nsp14 that reduces the accumulation of mutations in the RNA genome. The remainder of the genome is transcribed into a nested set of subgenomic mRNAs. Five accessory proteins (ORF3, ORF4a, ORF4b, ORF5 and ORF8b) are also encoded; however, they are not required for replication but may play a role in pathogenesis. Remaining subgenomic RNAs encode for accessory proteins that have immunomodulatory properties or functions that remain unknown.
Coronavirus animal reservoirs and incidental hosts
Determining the animal reservoir and incidental hosts of a virus with evidence of zoonosis such as 2019-nCoV is important for controlling spillover events and limiting human infections. Although the ecological reservoir for both MERS-CoV and SARS-CoV remain undefined, evidence of viral presence in a variety of animal species has been found. Serologic evidence and the isolation of viral genomic material for SARS-CoVrelated viruses have provided evidence for bats as the putative reservoir for SARS-CoV. While masked palm civets and raccoon dogs were involved in transmission to humans and initially considered potential reservoirs, they are now considered as incidental or spillover hosts [39] [40] [41] . In contrast, dromedary camels are considered to act a reservoir host for MERS-CoV, and over half of primary human infections report contact with camels, however, it is suspected that bats are likely the ancestral host for MERS-CoV or a MERS-CoV-like virus [42, 43] . Zoonotic transmission of SARS-CoV likely results from direct contact with intermediate hosts [44] , while human-to-human transmission of both viruses occurs primarily through close contact and nosocomial transmission via respiratory secretions [45, 46] . Considering the animals implicated as reservoir hosts for SARS-CoV and MERS-CoV, along with the conclusions from phylogenetic analyses from us and other groups, these potential reservoirs will be important starting points for investigation of the virus source.
Molecular Analysis of 2019-nCoV The CoV Spike protein and host receptors
The coronavirus spike protein mediates coronavirus entry into host cells. The S1 subunit of spike contains the receptor binding domain, which binds to receptors on host cells and dictates virus tropism. Viral entry is mediated through viral and host membranes undergoing fusion via the S2 subunit of the spike protein [47] . Therefore, we analyzed and discuss the S1 domains, in particular the RBD, due to its role in determining host tropism and pathogenesis.
SARS-CoV utilizes the host ACE2 receptor for binding to host cells, including numerous respiratory epithelial cell types, alveolar macrophages, and monocytes [27, 48] . Multiple cell types lacking ACE2 expression are also permissive for SARS-CoV, suggesting that additional receptors or co-receptors exist for SARS-CoV and may contribute to infection [49, 50] . MERS-CoV targets DPP4 (also known as CD26), which is broadly expressed on numerous epithelial cell types and activated leukocytes. Phylogenetic analysis of the spike protein sequences of the 2019-nCoV and some related coronaviruses. All the protein sequences used for the tree generation were downloaded from the National Center for Biotechnology Information (NCBI) and annotated by the accession number. Protein sequences were aligned using ClustalW. Then the tree was constructed with MEGA 7.0 by the neighbor-joining (NJ) method using 1,000 bootstraps. The Wuhan new coronavirus was marked by solid circle "•". SARS coronavirus Shanghai, Human coronavirus HKU1, Human coronavirus OC43, Middle East respiratory syndrome, Human coronavirus 229E and Human coronavirus NL63 were marked by solid triangle "▲". The NJ tree was well-constructed; the Wuhan new coronavirus showed high identity with Bat SARS-like coronavirus and separated from other coronavirus into different clusters. DPP4 is widely expressed in various kidney cells and likely contributes to MERS-CoV infiltration and subsequent renal dysfunction [51, 52] . DCs and macrophages can also be productively infected by MERS-CoV in vitro [44] . The 2019-nCoV receptor(s) is currently unknown. To better understand the possible relationship of the 2019-nCoV S protein to other coronaviruses, we generated a phylogenetic tree of S protein sequences from various human and animal coronaviruses (Figure 2 ). Our phylogenetic data shows that 2019-nCoV S most closely resembles the S protein from a SARS-like bat CoV followed by SARS-CoV and distantly resembles other human coronaviruses including the MERS-CoV S protein.
A more in-depth analysis of S-proteins from 2019-nCoV, SARS-CoV, and WIV1-CoV, a SARS-like coronavirus that uses the ACE2 for cell entry, was conducted. An amino acid alignment of the S proteins ( Figure 3A) shows high (92%) similarity between SARS-CoV and WIV1-CoV S-proteins. Lower similarity (77%) is observed between SARS-CoV and 2019-nCoV S-proteins. However, there may be sufficient conservation in the RBD (75%) to expect that 2019-nCoV can still bind to ACE2. As a comparator, MERS-CoV S, which binds to a different receptor (dipeptidyl peptidase 4), has only 37% similarity to SARS-CoV S. Alignment of the RBD regions ( Figure  3B) shows that 2019-nCoV has 6 amino acid substitutions in the 14 contact points between SARS-CoV S and ACE2 ( Figure 3D ). Three of these substitutions are also found in another group 2 coronavirus, WIV1-CoV, which has previously been shown to be capable of binding to human ACE2 in spite of these mutations [53] .
To predict the binding affinity of 2019-nCoV to human ACE2, structural models of SARS-CoV RBD, WIV1-CoV RBD and 2019-nCoV RBD were generated to allow for comparison of amino acid side chain positions and putative binding energies ( Figure 4A ). Pairwise structural comparisons of the generated models to the crystalized structure of the SARS-CoV RBD complexed to ACE2 yielded RMSD values of 1.2, 0.9, and 0.9 for the SARS-CoV, WIV1-CoV, and 2019-nCOV RBDs, respectively. The low RMSD value for the modelled SARS-CoV RBD supports the accuracy of the WIV1-CoV and 2019-nCoV RBD homology models. To observe the effects of the three additional mutations within the RBD of 2019-nCoV compared to WIV1-CoV at the binding interface ( Figure 4B ), the RBD models were structurally aligned to the crystal structure of the SARS-CoV RBD complexed to ACE2 [54] . The three residues mutated in RBD of WIV1-CoV -Asp487, Ser442, and Phe472 -were previously shown to have no effect on receptor binding affinity [53] . The remaining three mutations identified within the RBD of 2019-nCoV that interact with ACE2 residues have not been studied. The substitution of Arg426 to Asn426 removes the positively charged Rgroup of Arg but maintains the side chain's polarity and presence of an amide. Arg426 in the SARS-CoV RBD interacts with ACE2 residues Gln325 and Glu329. The structural model of 2019-nCoV RBD ( Figure 4C ) shows that the side chain of Gln426 is still in close proximity to ACE2 Gln325 and Glu329, suggesting that the substitution of Arg426 to Asn426 has little effect on receptor binding. Tyr484 to Gln484, introduces a polar amino acid within a region that includes several tyrosine residues. Within the SAR-CoV RBD, Tyr484 interacts with His34 of ACE2. The R-group of Gln should not inhibit receptor binding in this region, sterically or otherwise, when compared to the R-group of Tyr484. The third substitution unique to 2019-nCoV, Asn479 to Gln479, may induce a conformational change within the RBD due to its proximity to several tyrosines. However, a hydrogen bond is located in the area between RBD Gly488 and ACE2 Lys353 is conserved. This mutation is therefore unlikely to have any negative effect on ACE2 binding.
While the structure of the 2019-nCoV RBD appears to be well conserved, we wanted to determine whether the RBD/ACE2 interaction energies were comparable to the SARS-CoV RBD. Docking was carried out using The crystal structure of the SARS-CoV RBD bound to ACE2 (PDB 2AJF), shown in dark blue, was used as a reference template for pairwise comparison with the Phyre2 models (A). Structural models generated by homology modelling for SARS-CoV RBD (magenta), WIV1-CoV RBD (cyan), and nCoV-2019 RBD (green) are shown overlaid of 2AJF (blue). RMSD values for the structural comparison of the models to 2AJF were calculated by Dali-lite and are provided for each model. Binding interface of the SARS-CoV RBD (blue)/ACE2 (grey) crystal structure with the WIV1-CoV RBD model shown in cyan (B). ACE2 amino acids that interact with RBD residues are shown as grey sticks and the corresponding amino acids of the SARS-CoV RBD and the WIV1-CoV RBD homology model are shown in blue and cyan sticks, respectively, and have red labels detailing the WIV1 mutations. Binding interface of 2AJF SARS-CoV RBD (blue) and ACE2 (grey) overlaid with the 2019-nCoV homology model (green) (C). ACE2 interface residues are shown as grey sticks, and the SARS/2019-nCoV residues are shown in blue and green stick representation, respectively. The red labels for SARS/2019-nCoV residues detail the mutations present in the 2019-nCoV RBD homology model. the modelled RBDs and the pre-determined crystal structure of ACE2 (PDB ID: 2AJF, chain B) using HADDOCK2.2 [55] . The top models from the top cluster was selected for calculation of binding energy. The crystal structure of ACE2 complexed with SARS-CoV RBD (PDB ID: 2AJF, chain B and E) was used as a positive binding control, while the crystal structure of SARS-CoV RBD (PDB ID: 2AJF, chain E) docked to rat ACE2 served as a negative binding control [56] . The binding energy of the crystallized ACE2/SARS-CoV complex was calculated as -8.0 kcal/mol, while the crystallized RBD structure docked to modeled rat ACE2 returned a binding energy of -6.0 kcal/mol ( Figure 5A ). The 2.0 kcal/mol difference in binding energy would likely be larger if a crystal structure of SARS-RBD and rat ACE2 was used for comparison. The in silico docking strategy used here favours flexibility in the binding interface as opposed to the rigid nature of crystal structures. This effect is demonstrated with the modelled SARS-RBD and crystal ACE2 structures returning a binding energy of -12.5 kcal/mol. Additionally, WIV1-CoV binds to ACE2 for cell entry and the modelled WIV1-RBD/ACE2 returned a binding energy of -10.3 kcal/mol. A similar binding energy, -10.2 kcal/mol was observed for the modelled RBD of 2019-nCoV and ACE2 suggesting that 2019-nCoV is capable of binding to ACE2.
Three key residues within the RBD of SARS-CoV are associated with species-specific receptor recognition, Leu472, Asn479, and Thr487 [57] . All three of these residues are substituted in the 2019-nCoV RBD to Phe472, Gln479, and Asn487 respectively. The WIV1-CoV RBD contains Phe at position 472 and Asn at position 487, but Gln479 is unique to 2019-nCoV. As shown in Figure 5 , the mutation in this region does not appear to have any effect on docking energies compared to WIV1 and is not predicted to have any negative effects on the ACE2 His34 residue it likely interacts with Leu472 to Phe472 also should have little to no effect on binding and may increase binding affinity due to the interacting ACE2 residue, Met82, since the methionine-aromatic interaction is considered to be a multifunctional motif that is involved in the stabilization of structures [58] . Thr487 to Gln487 does not inhibit binding as the substitution is also found in WIV1-CoV which can bind ACE2 for virus infection.
The electrostatic potentials of crystallized ACE2/SARS-CoV RBD and the RBD models were also determined ( Figure 5C ). Their atomic potential profiles are graphically represented and interestingly, 2019-nCoV traces best with the potential of the SARS-CoV RBD homology model bound to ACE2. This could indicate that the 2019-nCoV S-protein is more functionally similar to the SARS-CoV S-protein than initially anticipated from sequence similarities.
Vaccines and Community Readiness Vaccine development
Vaccines provide protection from viral pathogens prior to exposure by eliciting protective immune memory with an innocuous agent. The development of neutralizing antibodies from a vaccine remains one of the hallmarks of effective vaccines although vaccines All protein sequences used for tree generation were obtained from the National Center for Biotechnology Information (NCBI) and annotated by accession number. Protein sequences were then aligned using the ClustalW algorithm, and the tree was constructed with MEGA X by the neighbor-joining (NJ) method using 1,000 bootstraps. The solid black circle indicates the novel Wuhan pneumonia virus, and the solid black triangle indicates SARS coronavirus Shanghai and human coronaviruses HKU1, NL63, 229E, and OC43. The novel Wuhan coronavirus envelope protein shows high identity with Bat SARSlike coronavirus. that induce cell-mediated immunity have also shown potential and are in development for viral pathogens such as influenza viruses. Several vaccine platforms exist with the ability to induce protective responses: killed whole virus vaccines; split-virion vaccines; subunit vaccines; live-attenuated viral vaccines; viruslike particle vaccines; nanoparticle vaccines; and nucleic acid vaccines (DNA and RNA). In regard to choosing a vaccine target and platform, the vaccine candidate must be immunogenic and immune targeting must lead to virus neutralization or potent cytotoxic responses. To date, there is not a licenced vaccine for either SARS-CoV or MERS-CoV although clinical trials have been initiated for MERS-CoV vaccines. Much of the focus for the development of a SARS-CoV or MERS-CoV vaccine has been on the S protein since it is immunogenic and antibodies targeting it can neutralize the virus [59, 60] . Our analysis of the S protein ( Figure 2 ) suggests that it has potential for vaccine development which can be related to work previously done for SARS-CoV and MERS-CoV.
The envelope protein (E) is also an attractive vaccine target that has been proposed for leverage in the development of live-attenuated vaccines [60, 61] . MERS-CoV mutants with the E protein deleted are replication-competent but propagation-defective [61] . Similar results were shown for the SARS-CoV when E was removed [62] . Together this suggests that deletion of E from coronaviruses may provide a safe-single replication live viral vaccine for use in inducing a mucosal immune response. We investigated the similarity of the E protein of 2019-nCoV by phylogenetic analysis against known coronavirus E protein sequences ( Figure 6 ) and found clustering, although somewhat distant, with human SARS-CoV. Given that vaccines have been generated for MERSand SARS-CoVs by mutating the E protein, an E-based vaccine may represent an alternate candidate for 2019-nCoV vaccines. As vaccine candidates are identified, the requirement of animal models for vaccine development and evaluation will be essential.
Animal model development
Establishing an animal model of infection and disease pathogenesis is imperative for understanding several essential elements of viral disease in the infected host, including host tropism, immune responses, and modes of transmission, as well as for the progression of therapeutic development. Having an animal model that can recapitulate human disease is essential for vaccine and therapeutic development as well as testing. For a potential animal model to be susceptible to infection, the virus must be able to 1.) gain entry into host cells; 2.) overcome the host's antiviral responses; and 3.) disseminate virus following infection to allow infection of other neighbouring cells and tissues. It is also of importance for the model to be able to recapitulate human disease and viral transmission modes. When evaluating the ability of an animal to be infected by a virus and serve as a model, viral shedding, clinical disease, and seroconversion should be determined. The past animal models for SARS-CoV and MERS-CoV were not universal due to the expression of the virus-specific cellular receptors for entry [63] . As SARS-CoV and MERS-CoV do not share a cellular receptor, they do not share the same host range and susceptibility, which includes research animal models [64] . Cynomolgus macaques, ferrets, and cats were some of the first animals to be determined susceptible to SARS-CoV [65, 66] . The advantage of ferrets is that they are a smaller animal compared to non-human primates and also are able to recapitulate some of the clinical symptoms and transmission kinetics of human respiratory viruses including coughing, sneezing, fever, and weight loss [67] . Although mice can be infected with SARS-CoV, as shown by recovery of vRNA and the elicitation of neutralizing antibodies, infection does not cause severe disease [68] . However, SARS-CoV could be passaged in mice (15 times) for the establishment of a model with clinical features [69] . After the identification of MERS-CoV, it was quickly determined that typical research animal models were not susceptible to the virus including mice, Syrian hamsters, and ferrets. Larger non-human primate models, such as Rhesus macaques and common marmoset were determined susceptible. To make use of small animal models, transgenic mice have been engineered for MERS-CoV susceptibility through expression of the human DPP4 receptor [70] . Other attempts at other mouse model developments were not successful, including an immunocompromised 129/SATA1-/-1 mouse [63] . Having an understanding of the animal models and model development previously utilized for the other coronaviruses of interest will aid in the development of a model for 2019-nCoV. As is necessary, elucidation of the receptor will help guide in development, and creating a clinical picture of the acute symptoms in humans will be essential for vaccine and antiviral evaluation.
Community Readiness
Community and healthcare preparedness in response to coronavirus outbreaks remain ongoing obstacles for global public health. For example, delays between disease development and progression and diagnosis or quarantine can severely impact both patient management and containment [21, 71] . Deficiencies in outbreak preparedness and healthcare network coordination efforts must ultimately be considered in response efforts. It is strongly recommended that universal reagents be maintained and available at global repositories for future outbreaks.
Future Directions
At the time of this writing, cases continue to be reported. Furthermore, there are also many unknowns regarding this outbreak, including the reservoir host, modes of transmission/transmission potential, and the effectiveness of potential vaccine candidates. Here we have attempted to address some of these issues using foundations from previous coronavirus outbreaks as well as our own analysis. What is certain is that the numbers of reported cases are increasing and will continue to increase before the knowledge gaps surrounding 2019-nCoV are filled. Cooperation among public health officials, healthcare workers, and scientists will be key to gaining a foothold and containing virus spread. Acknowledgement of coronaviruses as a constant spillover threat is important for pandemic preparedness. Two key take-away messages are important at this time: 1) As noted by the previous lopsided cases of healthcare, healthcare workers and care givers should exercise extreme caution and use personal protective equipment (PPE) in providing care to 2019-nCoV infected patients; and 2) The research community should endeavour to compile diverse CoV reagents that can quickly be mobilized for rapid vaccine development, antiviral discovery, differential diagnosis, and specific diagnosis.
Methods

Phylogenetic Tree Analysis
The nucleotide sequence of the novel coronavirus associated with the outbreak of pneumonia in Wuhan (2019-nCoV) was downloaded from the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov) with the accession number MN908947.3 [72] . The encoded S proteins and E proteins from additional coronaviruses were selected for the construction of a neighbor-joining tree. All sequences were downloaded from NCBI, and the accession numbers were annotated in the NJ tree. Protein sequences were aligned using ClustalW [73] and then used to construct the tree with MEGA7.0 [74] using 1,000 bootstraps.
Receptor Binding Domain (RBD) Alignment, Predictions, and Modeling
Amino acid sequences for the S protein of SARS-CoV (P59594.1), WIV1-CoV (AGZ48828.1), and 2019-nCoV (QHD43416.1), were obtained from GenBank. Alignments were completed using ClustalW with default parameters and the output was formatted with Espript [75, 76] . The S protein sequences were submitted to Phyre2 for homology modelling under 'Intensive' mode and the subsequent structures were further refined using 3D refined for energy minimization [77, 78] . The refined model with the lowest RMSD value was selected for use in structural comparisons and docking. The RBD models were compared to the crystal structure of SARS-CoV RBD (PDB ID:2AJF, chain E) using DaliLite v.5 pairwise comparison tool for analysis [79] . The RBD models were submitted for docking analysis to human ACE2 (PDB ID: 2AJF, chain B) using HADDOCK 2.2 [55] with residues 24, 27, 31, 34, 37, 38, 41, 42, 45, 79, 82, 83, 90, 325, 329, 330, 353 , and 354 of ACE2 specified as a binding domain as well as RBD residues 402, 426, 436, 441, 442, 472, 473, 475, 479, 484, 486, 487, 488, and 491 [55] . The complex with the lowest z-score was selected and the binding energy was calculated using the PDBePISA server [80] . Electrostatics of the complexes were also determined using adaptive Poisson-Boltzmann solver (APBS) calculations and PyMol to show surface electrostatics for the docked RBD models and 2AJF [81, 82] . Individual atom charges of each model and 2AJF were used for comparison of electrostatic potential between 2AJF and the models. 
